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52Objective: The aim of this study was to assess the short- and midterm results after endovascular repair of the
aortic arch in high-risk patients or after previous aortic surgery.
Methods: From November 1998 to November 2008, 57 thoracic stent grafts were implanted in 44 patients (sex
ratio, 4.5; mean age, 66.5 16.5 years) for aortic arch repair (zone 0 to 2 according to the arch map proposed by
Ishimaru) of 19 degenerative aneurysms, 12 traumatic transections of the aorta, 8 complicated aortic dissections, 4
postcoarctectomy aortic pseudoaneurysms, and 1 penetrating atheromatous ulcer. All patients were considered
to be at high surgical risk owing to serious comorbidities (American Society of Anesthesiologists score  III
[79.5 %]) or previous aortic surgery. Endovascular repair was performed in an emergency setting in 27.3%
(n ¼ 12) of the patients. Thirty-four underwent a hybrid technique with supra-aortic debranching and simulta-
neous or staged endovascular stent grafting. Debranching was performed to provide an adequate proximal aortic
landing zone, in 28 patients by a cervical approach and in 6 patients by a sternotomy approach.
Results: The technical success rates for aortic zone 0 patients (n¼ 6), zone 1 patients (n¼ 4), and zone 2 patients
(n ¼ 34) were, respectively, 100%, 100%, and 97%. The 30-day mortality rate was 20.4%. The actuarial
survival was 70% over a mean follow-up of 29.9 months. The rate of stroke was 6.8%. Two (4.5%) cases of
paraplegia were observed, 1 of which was reversible after cerebrospinal fluid drainage. The rate of endoleak
was 15.9% (n ¼ 7): 3 type I, 3 type II, and 1 type III. There were no cases of device migration, but 1 stent-graft
collapse occurred 20 days after exclusion of an aortic traumatic transection.
Conclusion: Hybrid endovascular aortic arch reconstructions, although some of these adjunctive procedures
remain major operations, provide attractive alternatives for treating aortic arch lesions in high-risk patients
who would otherwise be unsuitable for open repair, with acceptable primary results and encouraging midterm
efficacy to prevent rupture. (J Thorac Cardiovasc Surg 2010;140:52-8)Conventional surgical repair of aortic arch diseases requires
arch replacement during deep hypothermic circulatory arrest
for cerebral protection. Mortality and morbidity associated
with transverse aortic arch replacement in the standard risk
population has decreased over the past decades as various
modifications of surgical technique have been introduced.
Despite these recent advances, reconstruction of the aortic
arch remains a challenge, particularly in elderly patients,
in patients requiring emergency repair, or in those with
major pre-existing comorbidities. Furthermore, many of
these patients are deemed unsuitable for open repair.
Aortic arch diseases or extension of all descending tho-
racic aortic pathologic conditions toward the major aortic
side are often deemed unsuitable for endovascular repaire Department of Vascular and Thoracic Surgery Arnaud de Villeneuve
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The Journal of Thoracic and Cardiovascular Surgeowing to the close proximity of the supra-aortic trunks. A
combined endovascular and open approach has therefore re-
cently been adopted as a valuable alternative,1 consisting in
supra-aortic debranching and revascularization followed by
stent-graft deployment. Debranching is performed to pro-
vide an appropriate landing zone for the stent graft and to
preserve perfusion to the supra-aortic trunks.
Endovascular repair presents a particular challenge owing
to the involvement of supra-aortic trunks, the anatomic cur-
vature of the arch, the high blood flow in the area, and sub-
stantial movement of this portion of the aorta at each
heartbeat.
The aim of this study was to assess short- and midterm
results of hybrid endovascular aortic arch repair in patients
deemed unsuitable for open surgery (American Society of
Anesthesiologists [ASA] score  3) or in patients with pre-
vious aortic arch repair.METHOD
Patients
From November 1998 to August 2008, 44 patients required stent-graft
landing in the aortic arch: zone 0 to 2 (aortic arch map proposed by Ishi-
maru1). Among them, 34 underwent a hybrid technique with supra-aortic
debranching and simultaneous or staged endovascular stent grafting to treatry c July 2010
Abbreviations and Acronyms
ASA ¼ American Society of Anesthesiologists
BT ¼ brachiocephalic trunk
LCCA ¼ left common carotid artery
LSA ¼ left subclavian artery
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66.5  16.5 years; range, 19–89 years).
All patients were unfit for open surgery because of serious comorbidities
(ASA III, n ¼ 35, 79.5%) or a history of thoracic aortic open repair (n¼
11, 25%). Furthermore, 12 (27.3%) operations were performed in an emer-
gency setting.
Nineteen (43.2%) patients had a degenerative aneurysm, 4 of which had
ruptured. Eight (18.2%) patients had a complicated aortic dissection (6 dis-
secting aneurysms, 1 rupture of acute type B dissection, and 1 proximal type
I endoleak, which arose 7 years after endovascular repair of a painful type B
dissection). Twelve (27.3%) patients had a traumatic transection of the aor-
tic isthmus; 5 of them were in hemodynamically unstable condition. Four
(9%) patients had postcoarctectomy aortic pseudoaneurysm and 1 (2.3%)
patient had a ruptured penetrating atherosclerotic ulcer. Further preoperative
data are shown in Table 1.
All 44 patients were considered to have an inadequate proximal landing
zone for aortic arch stent-graft insertion, but only 34 (77.3%) of them un-
derwent surgical supra-aortic debranching and revascularization—via a cer-
vical approach in 28 patients and through a median sternotomy in 6 patients.
Regarding the 10 remaining patients, the coverage of the left subclavian
artery (LSA) without prior revascularization was required to allow a swift
procedure owing to the hemodynamically unstable state. Patients were
divided into 3 groups according to the proximal landing zone: 0, 1, or 2
(Figure 1). Zone 0 was involved in 6 patients, zone 1 in 4 patients, and
zone 2 in 34 patients.Surgical Approach
All procedures took place in the operating room with the patient under
general anesthesia. Debranching procedures were performed before the de-
ployment of the stent grafts. Endovascular repair was performed in the same
operating setting in 24 (54.5%) patients.
Debranching and revascularization of supra-aortic trunks with a pros-
thetic graft was performed in all zone 0 cases through a median sternotomy;
after systemic heparinization and partial crossclamping of the ascending
aorta, proximal end-to-side anastomosis was performed with a prosthetic
10-mm graft, followed by 2 end-to-side anastomoses to the brachiocephalic
trunk (BT) and the left common carotid artery (LCCA) and an end-to-end
anastomosis to the LSA.
In zone 1 patients, extra-anatomic revascularization of the LCCA and
LSA was performed with an LCCA transposition in the BT or with a carotid–
carotid bypass, followed by a left carotid–subclavian transposition.
Regarding zone 2 patients, revascularization of the LSA was per-
formed with a left carotid–subclavian transposition in hemodynamically
stable patients, whereas in unstable patients, the LSA was deliberately
covered.Stent Graft
Four different stent grafts were used: the Excluder TAG device (W. L.
Gore & Associates, Inc, Flagstaff, Ariz) in 32 patients, the Talent device
(Medtronic Vascular, Santa Rosa, Calif) in 2 patients, the Valiant device
(Medtronic Vascular) in 9 patients, and the Zenith TX device (Cook Inc,
Bloomington, Ind) in 1 patient.The Journal of Thoracic and CThe mean number of stent graft used was 1.3  0.6 (range 1–3) and the
mean stent-graft diameter was 35.6  5.4 mm (range 24–40 mm).
Endovascular Repair
All patients underwent contrast-enhanced computed tomographic scan to
assess the feasibility of endoluminal repair, sizing of stent grafts, and im-
plant strategy. Thirty-one (70.4%) patients had an additional preoperative
aortic arch angiography. Suitable morphology for stent-graft placement re-
quires a proximal aortic neck length of at least 15 mm. Measurements from
preprocedural imaging data were used to select the appropriate diameter and
length of the stent graft. Devices were oversized by 10% to 20% greater
than the minor axis of the aortic neck to provide sufficient radial force for
adequate fixation. All patients underwent preoperative computed tomo-
graphic scan of the femoral, iliac, and supra-aortic arteries to evaluate access
vessels and supra-aortic trunks.
Prophylactic use of cerebrospinal fluid drainage to prevent spinal cord
ischemia was not used. The endovascular devices were delivered via the
common femoral artery. A 260-cm, 0.035-inch guidewire (Terumo Medical
Corporation, Tokyo, Japan) was placed, via the common femoral artery, un-
der fluoroscopic control (digital C-arm) into the ascending aorta; a 5F cali-
brated pigtail catheter was advanced into the ascending aorta over the
guidewire. This pigtail catheter was used to exchange the guidewire for
an extra-stiff guidewire (Lunderquist; Cook Inc); angiography was per-
formed through a 4F pigtail catheter advanced into the right subclavian
artery through the right brachial artery. The stent graft was deployed under
fluoroscopic control. A baseline angiogram was performed before and after
stent-graft deployment to confirm proper position of the stent graft and com-
plete exclusion of the lesion. Ballooning was performed selectively.
Follow-up and Statistical Analysis
Follow-up surveillance was performed with serial computed tomo-
graphic scans at 1 week, then at 3, 6, and 12 months, and annually thereafter.
Outcomes were analyzed by Kaplan–Meier life table analysis.RESULTS (TABLES 2–5)
Overall
Forty-four patients were treated for lesions involving zone
0 to 2 of the aortic arch. The mean proximal aortic diameter
was 29.8  4.7 mm. The mean distal aortic diameter was
24.8  4.5 mm. The mean proximal aortic neck length
was 19.5  4.7 mm. The mean distal aortic neck length
was 20 mm in 2 patients and more than 30 mm in the remain-
ing patients. The mean length of the covered aorta was 180
 92.3 mm. The mean diameter of the aneurysms was
64.5 mm  12.6 (range, 50–102 mm).
Technical success was obtained in 97.7% of the patients.
A patient treated for a ruptured aneurysm had an intraoper-
ative proximal type I endoleak left untreated. The 30-day
mortality rate (Table 2) was 20.4% (9/44). The actuarial sur-
vival was 70% over a mean follow-up of 29.9  30.1
months (Figure 2). The rate of cerebrovascular accident
was 6.8%: 1 fatal stroke, 1 transient ischemic accident,
and 1 intracranial hematoma from which the patient com-
pletely recovered. Two (4.5%) cases of paraplegia were ob-
served, 1 of which was reversible after cerebrospinal fluid
drainage. The rate of endoleak was 15.9% (n ¼ 7): 3
(6.8%) type I, 3 (6.8%) type II, and 1 (2.2%) type III. There
were no instances of device migration, but 1 stent-graftardiovascular Surgery c Volume 140, Number 1 53
TABLE 1. Preoperative patient demographics data
N %
Age (mean, y) 66.5  16.5
Gender (M/F) 36/8 81.8/18.2
Pathology
Degenerative aneurysm 19 43.2
Ruptured aneurysm 4 9
Symptomatic aneurysm 6 13.6
Asymptomatic aneurysm 9 20.5
Complicated type B dissection 8 18.2
Acute rupture 1 2.3
Dissecting aneurysm 6 13.6
Type I endoleak after previous TEVAR 1 2.3
Traumatic aortic transection 12 27.3
Postcoarctectomy aortic pseudoaneurysm 4 9
Penetrating ulcer 1 2.3
Preoperative comorbidities
Chronic cardiac failure 3 6.8
Coronary artery disease 10 22.7
Chronic renal failure 5 11.3
Chronic obstructive pulmonary disease 8 18.2
Hypertension 22 50
Diabetes mellitus 3 6.8
Previous cerebrovascular accident 3 6.8
ASA score  III 35 79.5
ASA III 13 29.5
ASA IV 13 29.5
ASA V 9 20.4
History of aortic surgery 21 47.7
Descending thoracic aorta 7 15.9
Ascending thoracic aorta 4 9
Abdominal aorta 10 22.7
Emergency repair 12 27.2
Ruptured 10 22.7
Painful aneurysm 2 4.5
TEVAR, Thoracic endovascular aortic repair; ASA, American Society of Anesthesiol-
ogists.
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Dcollapse occurred 20 days after exclusion of an aortic trau-
matic transection.According to the Zone
Zone 0. Debranching and revascularization of the supra-
aortic trunk with a prosthetic graft was performed in 6
cases through a median sternotomy followed by endovas-
cular stent grafting. Technical success was obtained in
all. In a case of acute aortic arch angulation, establishment
of a brachiofemoral wire, which is held on each end to
straighten the angulated aortic arch. Stabilizing the route
and advancement of the delivery sheath, allowed the de-
ployment of the stent graft in zone 0. Early postoperative
complications requiring secondary surgical intervention
were sternal disunion and cardiac tamponade in 1 case
each. The 30-day mortality rate was 0%. One case of tran-
sient paraplegia and one transient ischemic accident were
observed. One type II endoleak was observed that resolved54 The Journal of Thoracic and Cardiovascular Surgespontaneously. One case of retrograde type A dissection
occurred on the fourth postoperative day after aortic clamp-
ing; the patient underwent immediate surgical conversion
with ascending aortic replacement under circulatory arrest
and suture between the prosthetic graft and the stent graft,
which resulted in a favorable outcome. There were no in-
stances of device migration.
Zone 1. Four patients underwent LCCA revascularization
and carotid–subclavian transposition followed by endovas-
cular stent grafting. Technical success was obtained in all
the patients. One iliac artery rupture occurred peroperatively
and was treated by implantation of a covered stent: Wallgraft
(Boston Scientific, Natick, Mass). One patient died on the
15th postoperative day related to a massive myocardial in-
farction. No instances of cerebrovascular accident, paraple-
gia, or endoleak were observed. There was no device
migration.
Zone 2. Twenty-four patients underwent a carotid–subcla-
vian transposition, and in the 10 remaining patients, the os-
tium of the LSA was deliberately covered because the
patients were in hemodynamically unstable condition (3 rup-
tured aneurysms, 5 transections of the aortic isthmus, 1 rup-
tured type B dissection, and 1 penetrating atheromatous
ulcer). Technical success was obtained in 97% of the 34 pa-
tients. An 86-year old man, treated for a ruptured aneurysm,
died with a proximal type I endoleak left untreated. This en-
doleak was related to an incomplete proximal sealing owing
to a lack of adequate oversizing: at this time, the largest
available commercial thoracic device had a diameter of 40
mm, and the proximal neck was 39 mm in diameter.
Accidental coverage of the BT occurred in 1 patient. The
inflow was rapidly recovered by transcarotid insertion of
a self-expanding stent with a high radial force alongside
the thoracic endograft. After 1 year of follow-up, the stent
placed in the LCCA completely collapsed, leading to
a 70% stenosis of the LCCA and BT. Therefore, an ascend-
ing aorta to BT and LCCA bypass was performed through
a median sternotomy. Accidental coverage of the LCCA oc-
curred in 3 patients. In 1 case, the stent graft was pulled dis-
tally by traction by low-pressure inflated balloon. Regarding
the remaining patients, the inflow was recovered by stenting
of the left common artery. One iliac artery rupture occurred
peroperatively and was treated by implantation of a covered
stent: Wallgraft (Boston Scientific). One postoperative cer-
vical hematoma required secondary surgical intervention.
One (2.9%) case of paraplegia was observed. The rate of
cerebrovascular accident was 5.8%: 1 fatal stroke and 1
intracranial hematoma from which the patient completely
recovered. The 30-day mortality rate was 23.5%. The causes
of death were heart failure in 3 patients, multiple organ fail-
ure in 1 patient, stroke in 1 patient, postoperative acute rup-
ture of the aorta in a patient treated for a ruptured acute aortic
type B dissection, hepatic failure in a cirrhotic patient, and
finally failure of exclusion (type I endoleak) in 1 patient.ry c July 2010
FIGURE 1. Ishimaru arch map and illustrations of the different debranching procedures according to the different landing zones
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2 type II endoleaks, and 1 type III endoleak. In 2 patients,
a type I endoleak was treated by proximal implantation of
a second stent graft after the fulfillment of carotid–carotid
bypass to provide an adequate proximal landing zone. Re-
garding type II endoleaks, 1 patient underwent LSA embo-TABLE 2. Causes of early death (in 30 postoperative days)
Age (y) Sex
Elective or
emergency repair Aortic arch disease
1 75 M Elective Degenerative aneurysm
2 71 M Elective Degenerative aneurysm
3 79 F Elective Dissecting aneurysm
4 80 M Emergency Ruptured degenerative aneurys
5 52 M Elective Type I endoleak after acute typ
B dissection endovascular re
6 80 M Emergency Rupture of acute type B dissect
7 77 F Emergency Rupture of a penetrating ulcer
8 70 M Emergency Ruptured aneurysm
9 64 M Elective Degenerative aneurysm
ARDS, Adult respiratory distress syndrome.
The Journal of Thoracic and Clization that allowed complete exclusion of a ruptured
aneurysm; the second endoleak spontaneously resolved. A
type III endoleak was successfully managed by deployment
of a second stent graft. There was no device migration, but
a stent-graft collapse occurred 20 days after exclusion of
a traumatic transection of the aorta. The stent graft wasComorbidities
Complications/
cause of death
Cardiac, respiratory and
renal failure, hypertension
Stroke, ARDS
Respiratory failure, hypertension,
coronary artery disease
Massif myocardial infarction
Renal failure, diabetes,
hypertension
Cardiac failure
(hypertensive pulmonary
oedema)
m Coronary artery disease Type I endoleak
(failure of exclusion)
e
pair
Cirrhosis hepatisis,
hypertension
Hepatic failure
ion Hypertension Aortic rupture
Hypertension Multiple organ failure
Ascending aneurysm repair Cardiac failure
Renal failure, diabetes Cardiac failure, paraplegia
ardiovascular Surgery c Volume 140, Number 1 55
TABLE 3. Thirty-day mortality according to the proximal landing
zone
Global Elective cases
Emergency
cases
n 44 32 12
Mortality 9 (20.4%) 5 (15.6%) 4 (30%)
Zone 0 6 5 (83.3%) 1 (16.7%)
Mortality 0 (0%) 0 (0%) 0 (0%)
Zone 1 4 3 (75%) 1 (25%)
Mortality 1 (25%) 1 (33.3%) 0 (0%)
Zone 2 34 23 (67.6%) 11 (32.4%)
Mortality 8 (23.5%) 4 (17.4%) 4 (36.4%)
TABLE 5. Thirty-day mortality in patients without a history of
thoracic aortic surgery
Global Elective cases Emergency cases
n 33 24 9
Thirty-day mortality 7 (21%) 6 (25%) 1 (11.1%)
ASA score III: 11
IV: 13
ASA, American Society of Anesthesiologists.
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graft. For 2 of the 10 patients in whom the ostium of the
LSA was deliberately covered, an LSA–LCCA transposition
was secondarily performed to treat vertebrobasilar insuffi-
ciency.
DISCUSSION
Repair of the aortic arch is a surgical dilemma, mainly ow-
ing to the adverse neurologic sequelae ranging from 1% to
10%.2 The surgical outcome has been improving lately.
However, a recent report3 indicated that the 30-day mortality
after aortic arch surgery in the standard risk population (re-
nal failure 5%, diabetes melitlitus 7%, prior cerebrovascular
accident 9%, prior myocardial infarction 7%) ranges from
4% to 28.6% according to the adjunctive measures for cere-
bral protection used (profound hypothermia and antegrade
or retrograde cerebral perfusion) and to mode of presentation
(elective or emergency). Furthermore, many patients are
deemed unsuitable owing to serious comorbidities. As a con-
sequence, a less invasive approach would be even more fa-
vorable to patients.
Since the first report by Dake and associates,4 endovascu-
lar management has emerged during the past decade as
a valuable treatment modality for descending thoracic aortic
diseases and was recently proposed for delicate anatomic re-
gions such as the aortic arch. Stent grafting the aortic arch
brings new challenges: stent grafts are subject to greater dy-
namic aortic motion than in the abdominal segment related
to its curved configuration. Furthermore, physicians have
to deal with the branches of the aortic arch to provide an ad-
equate proximal landing. Recent reports5-7 have demon-
strated the technical feasibility of complete or partial
debranching of the supra-aortic trunks associated with endo-
vascular repair of the aortic arch.TABLE 4. Thirty-day mortality in patients with a history of thoracic
aortic surgery
Global Elective cases Emergency cases
n 11 8 3
Thirty-day mortality 2 (18.1%) 0 (0%) 2 (66.6%)
56 The Journal of Thoracic and Cardiovascular SurgeIn patients with a short proximal aortic neck, the LSA can
be overstented to effectively exclude thoracic aortic lesions.
In case of overstenting of the LSA, an LSA–LCCA transpo-
sition should be preferred inasmuch as efficacy and long-
term patency are better as compared with the outcome of
bypasses.8 In an emergency setting, coverage of the LSA
can be performed without prior revascularization if manda-
tory for adequate anchoring. LSA revascularization can be
proposed in a second operative time either in case of left
arm ischemia or in case of vertebrobasilar insufficiency. In
elective cases, eventual coverage of the LSA should be dis-
cussed before endovascular repair. A meta-analysis of Peter-
son and coworkers9 showed that morbidity relative to LSA
revascularization before stent-graft repair was lower than
morbidity in cases of LSA coverage without revasculariza-
tion (3% vs 23%). Furthermore, Buth and associates10 as-
sessed the significance of clinical factors that potentially
influenced the occurrence of neurologic sequelae during en-
dovascular repair of the thoracic aorta: perioperative paraple-
gia or paraparesis was significantly associated with blockage
of the LSA without revascularization. Maintaining normal
perfusion of the ipsilateral vertebral artery allows the preven-
tion of ischemia of the brainstem and, furthermore, preserv-
ing major collaterals of the vertebral artery that contribute to
spinal blood flow protects against spinal cord ischemia when
multiple intercostal vessels are covered during thoracic endo-
vascular repair. Revascularization of a dominant left verte-
bral artery and/or associated lesions of other supra-aortic
arteries justifies LSA revascularization to reduce the rate of
postoperative cerebral vascular accidents.11
Patients who have thoracic aneurysms with a short
neck distal to the LCCA are best treated with total cover-
age of the LCCA. The potential sources of inflow in these
cases include the right common carotid, subclavian, axil-
lary, or femoral vessels. The simplest reconstructions for
this purpose are LCCA transposition in the BT or ca-
rotid–carotid bypass, which is performed through a cervi-
cal approach.
Patients with arch aneurysms that involve the portion of
the arch adjacent to the BT require total aortic arch de-
branching to obtain an adequate proximal landing zone. To-
tal arch transposition by a sternotomy approach, with partial
crossclamping of the ascending aorta, leads to a longer prox-
imal landing zone. This is tolerated by even fairly sick pa-
tients from a cardiovascular standpoint. The quality of thery c July 2010
FIGURE 2. Kaplan–Meier life table analysis of survival according to the proximal landing zone.
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must not be severely calcified or aneurysmal.
Our preference is to perform simultaneous debranching
procedures. The advantage is that in case of a failure of
exclusion, an open surgical treatment option can be pro-
posed: external banding of the proximal landing zone or
an additional debranching procedure. Furthermore, rupture
of the aneurysm may occur after the debranching procedure,
while the patients are waiting for staged endovascular treat-
ment. Most of the staged procedures were performed at the
beginning of our experiences. However, simultaneous pro-
cedures often require much longer operating times and are
more stressful for the patient and the surgeon. Additionally,
renal function may be more affected by simultaneous proce-
dures because of surgical blood loss and contrast load.
Overall results of our retrospective study indicate a high
rate of clinical success (97.7%), a low rate of permanent
paraplegia (2.2%) or paraparesis (2.2%), and a low rate of
stroke (6.8%). Considering the preoperative clinical status
of our patients, 79.5% of our patients were in critical condi-
tion at the time of surgery (ASA> III) or had an history of
thoracic aortic open repair (n ¼ 11, 25%). Furthermore,
27.3% were treated in an emergency setting, which might
explain the high mortality rate observed (20.4%).
Retrograde dissection is an issue. The reported inci-
dence of retrograde dissection after thoracic stent-graft re-
pair seems to be about 1% to 2%.12,13 This complication
arises from wire manipulation in the aortic arch during the
endovascular procedure, from the lack of conformability of
most currently available thoracic stent grafts to the aortic
curve in an angulated aortic arch that may injure the aortic
wall, from excessive oversizing, especially in case of acute
type B dissection,13 and from aortic wall stress related to
balloon dilations. The design of the stent graft also hasThe Journal of Thoracic and Cbeen involved (presence or absence of a proximal bare
stent segment); the rate of retrograde dissection appears
similar for both the TAG and the Talent thoracic stent
grafts.12
Atheroembolic complications remain challenging during
aortic arch repair, even in case of endovascular repair. Care-
ful manipulation of central vessels as well as keeping cross-
clamp times short to avoid exceeding the ischemic frame of
cerebral tissue is mandatory for success. Furthermore, the
wires in the aortic arch have to be manipulated cautiously
to avoid soft plaque detachment.
Other endovascular approaches have also been reported.
Chuter and associates14 reported the use of a modular
branched stent graft for endovascular repair of aortic arch.
The disadvantages of this modular approach are the potential
for subsequent disassembly, the required time to manufac-
ture and deliver such custom-made stent grafts for urgent
cases, and the high cost of this kind of modular devices.
Criado15 reported a percutaneous endovascular technique
by retrograde puncture of the LCCA to deal with stent-graft
coverage of the origin of the supra-aortic trunks during tho-
racic endovascular aortic repair: ‘‘interposition’’ of a bare
metal stent between a thoracic stent graft and the aortic
wall allows preservation of arch branch patency during tho-
racic endovascular aortic repair and stenting by focally dis-
placing the stent-graft device. This alternative does not
appear adequate with regard to the uncertain durability of
this option and should only be considered in case of preop-
erative inadvertent coverage of the supra-aortic trunks.
Inoue and colleagues16 have demonstrated the feasibility
of using unibody stent grafts to repair the aortic arch. How-
ever, a high rate of embolism was associated with this tech-
nique and is probably related to the complexities of
multibranched unibody stent-graft deployment.ardiovascular Surgery c Volume 140, Number 1 57
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Thoracic stent grafts are designed for the descending tho-
racic aorta, which is straight, and thus most of them are
unable to conform to the inner curve of the aortic
arch.17 Furthermore, discrepancy in the diameter of the
proximal landing zone (ascending aorta) and distal land-
ing zone (descending thoracic aorta) is often observed.
Improvements of the stent-graft design are required
with more flexible and tapered designs or with multi-
branched modular stent grafts.
Kouchoukos and associates18 reported results of the
‘‘clam-shell’’ repair of chronic dissection; 46 of 51
patients had prior operations in the standard risk popula-
tion. The overall mortality rate was 3.9%. All had replace-
ment of the ascending aorta and entire arch. A few centers
of excellence are reporting excellent outcomes of arch re-
pair with a history of thoracic aortic surgery. However, it
is difficult for other centers to reproduce as good results as
reported by these centers of excellence. In 4 of the largest
recently reported series of elephant trunk procedures,19-22
the cumulative mortality for the 2 procedures and from
deaths in the interval between the 2 procedures (commonly
from aortic rupture) exceeded 20%. In our experience, 3
of the 11 patients with a history of thoracic aortic repair
were treated in an emergency setting for a ruptured aneu-
rysm. None of the patients treated in an elective setting
with prior thoracic aortic repair died after a mean fol-
low-up of 29.9 months. In this subgroup, the estimated
survival at 1 year is 100%.
The chief limitation of our study is the relatively small
number of patients, which affects the power of the study.
Our study was not powered to detect differences in clinical
outcomes.
Although the endovascular option can provide distinct
advantages over conventional open surgery for repair of
aortic arch aneurysm, it is clear that the arch is the most
challenging area for stent-graft placement. Endovascular
aortic arch reconstruction, although some of these adjunc-
tive procedures remain major operations, provides an at-
tractive alternative for treating aortic arch diseases in
high-risk patients who would otherwise be unsuitable for
open repair, with acceptable primary results and encourag-
ing midterm efficacy to prevent rupture. This technique
further expands the aortic territory that can be grafted. Un-
til branched aortic stent grafts become available, debranch-
ing techniques combined with aortic stent grafting provide
the optimal approach for the management of aortic arch le-
sions in high-risk patients.58 The Journal of Thoracic and Cardiovascular SurgeReferences
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